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DIRECT AIR CAPTURE OF CO2
(DAC)

Capabilities to Make Direct Air Capture of
Carbon Dioxide More Efficient, Economic,

and Scalable

SUMMARY
Researchers at Los Alamos have extensive capabilities in design,
testing and optimization of: (1) new capture materials based on
membrane separation, amine and other solvent and sorbent separation,
and porous materials; (2) biological capture methods, particularly algae
and plants; (3) full-scale systems using science-based virtual learning;
and (4) system performance under specific meteorological conditions,
impacts of CO2 capture via atmospheric data and simulations, and
availability of energy and storage capacity. The goal for Los Alamos is
advancing our physical technologies and engineered systems
approaches from the development phase to a minimal viable product in
the energy sector for commercial purposes. Los Alamos is seeking
strategic commercialization partners to work with us in advancing these
capabilities and technologies for commercial viability.

MARKET APPLICATION
Separation processes for the capture of CO2 from the atmosphere will
be an industrial process of significant scale to meet climate targets, with
the primary market opportunities in the energy and government market
sectors. Los Alamos researchers are leveraging fundamental
knowledge in physics, materials, chemistry, bio- and earth- sciences,
and theory. These capabilities are supported at every scale by our
distinctive capability in modeling, simulation, and high-performance
computation.

BENEFITS
Our capabilities in Direct Air Capture provide the potential to
develop technologies for more efficient, cost effective, and
scalable solutions in an environmentally responsible
manner.

Extensive facilities for synthesis of materials having
controlled functionality for CO2 separations and
utilization at length scales from atomic through macro,
coupled with testing from the bench-scale through pre-
pilot scale-up.
Systems design and scale-dependent assessment
leading to improved economics of capture systems.
Real-time on-site field measurements of CO2 to
optimize efficacy of air capture facilities.
Advanced engineered bio systems through gene
regulation and directed evolution to develop custom
bio derived scalable solutions.
Seamless integration of experimental and
computational capabilities.
Data science solutions applied to materials
development, Earth sciences, biological systems, and
chemical sciences.
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WHY WE ARE BUILDING DIRECT AIR CAPTURE OF CO2 (DAC)
Congress and the Executive branch through the Department of Energy (DOE) have established National priorities in de-carbonization of
the U.S. Economy. As a federally funded research and development center (FFRDC) for DOE for more than 75 years, our laboratory
capabilities in material science, chemistry, life sciences, modeling and simulation, and advanced computation leverage greater than $3
billion in annual government investment to address problems of national and global importance. We leverage extensive experience and
expertise in DOE projects in carbon capture, utilization, and storage. Our unique ability to integrate and couple experimentation with field
observation and advanced supercomputing across scales in physical models and engineered systems positions us well as a partner to
industry and the commercial sector to address the many aspects of de-carbonization goals. Direct Air Capture of CO2 will be a necessary
and significant component of restructuring U.S. energy systems to achieve these goals.

WHAT'S BEHIND OUR TECHNOLOGY
Los Alamos has multiple technological approaches to the Direct Air Capture problem, including solvent- and sorbent-based capture,
advanced membrane systems, biological systems capture, and atmospheric analysis for siting. The distinctiveness of our approaches is
the leveraging of LANL’s high performance computation and modeling expertise, laboratory and field observation skills that bridge scales
from molecular behavior through materials characterization to engineered systems performance. Our expertise in the applied physical
technologies and models leverages experimental observations with models to enhance agility and impact to capture technologies.

OUR COMPETITIVE ADVANTAGES
Los Alamos brings together an end-to-end capability, from fundamental chemistry, physics, and biology knowledge and models, through
state-of-the-art laboratories for full analytical characterization and facilities for developing prototypes, small-pilot level scale-up
opportunities, up to full-scale deployments and all in a collaborative environment. Our capabilities could significantly reduce the time to
develop new innovative de-carbonization technologies that are efficient, economic, and scalable in an environmentally sustainable
manner.

OUR TECHNOLOGY STATUS
We are seeking strategic commercialization partners to work with us to further develop our capabilities and technologies at all levels, with
the goal of bringing our physical technologies and engineered systems approaches into scale-up from the development phase to
validation phase, to testing and application phase, to a minimal viable product to market in the energy sector for commercial purposes.
Our researchers have extensive experience, interest, and willingness to work diligently with a commercialization partner to achieve our
mutual goals.

PUBLICATIONS AND IP
Berchtold et.al., Polybenzimidazole hollow fiber membranes and method for making an asymmetric hollow fiber membrane, 2018, US
Patent 10,071,345.

    Singh, et.al., Ultra-thin membrane fabrication technology development for gas separation, 2012 North American Membrane Society
Annual Meeting, New Orleans, LA.

    Singh et.al., Gelled Ionic Liquid-Based Membranes, 2013 DOE/NETL Carbon Capture Technology Project Review Meeting, Pittsburgh,
PA.

K.Lackner, H. Ziock & P. Grimes, Carbon dioxide extraction from air: is it an option? LA-UR-99-583 Los Alamos National Laboratory
(1999).

M.Dubey et al., Extraction of carbon dioxide from the atmosphere through engineered chemical sinkage, American Chemical Society
Fuels Reprint 47, 81, (2002).

S. Elliott et al., Compensation of atmospheric CO2 buildup through engineered chemical sinkage, Geophysical Research Letters, 28,
1235-1238 (2001).

J. Morgan, A. Chinen, C. Anderson-Cook, C. Tong, J. Carroll, C. Saha, B. Omell, D. Bhattacharyya, M. Matuszewski, KS Bhat, D. Miller,
Development of a framework for sequential Bayesian design of experiments: Application to a pilot-scale solvent-based CO2 capture
process, Applied Energy, Volume 262 (2020).

Albright MBN, Sevanto S, Gallegos-Graves L, Dunbar J. 2020. Biotic interactions are more important than propagule pressure in microbial
community invasion. mBio 11: e02089-20. DOI: 10.1128/mBio.02089-20

Ulrich DEM, Sevanto S, Peterson S, Ryan M, Dunbar J. 2020. Effects of soil microbiomes on functional traits of loblolly pine (Pinus taeda)
seedling families from contrasting climates. Frontiers in Plant Science doi: 10.3389/fpls.2019.01643.

DISCLAIMER: The information provided is for informational purposes only. The technology, research, and intellectual property described are subject to ongoing
research and development at Los Alamos National Laboratory, as managed and operated by Triad National Security, LLC (TRIAD). TRIAD and its members, officers,
employees, and agents, specifically disclaim any representation, warranty, or guarantee as to the safety, efficacy, usefulness, benefit, performance, success, or any
particular outcome of the technology, research, or intellectual property relating hereto, in whole or in part.



DISCLAIMER: The information provided is for informational purposes only. The technology, research, and intellectual property described are subject to ongoing
research and development at Los Alamos National Laboratory, as managed and operated by Triad National Security, LLC (TRIAD). TRIAD and its members, officers,
employees, and agents, specifically disclaim any representation, warranty, or guarantee as to the safety, efficacy, usefulness, benefit, performance, success, or any
particular outcome of the technology, research, or intellectual property relating hereto, in whole or in part.

Marias DE, Sevanto S, Ryan M, Albright MBN, Johansen RB, Dunbar J. 2019. Plant-microbe interactions before drought influence plant
physiological responses to subsequent severe drought. Nature Scientific Reports 9: 249.

Malone MW, Yoder J, Hunter JF, Espy MA, Dickman LT, Nelson RO, Vogel SC, Sandin H, Sevanto S. 2016. In vivo observation of tree
drought response with low-field NMR and neutron imaging. Frontiers in Plant Science 7 DOI:10.3389/fpls.2016.00564.

DISCLAIMER: The information provided is for informational purposes only. The technology, research, and intellectual property described are subject to ongoing
research and development at Los Alamos National Laboratory, as managed and operated by Triad National Security, LLC (TRIAD). TRIAD and its members, officers,
employees, and agents, specifically disclaim any representation, warranty, or guarantee as to the safety, efficacy, usefulness, benefit, performance, success, or any
particular outcome of the technology, research, or intellectual property relating hereto, in whole or in part.


